Secoiridoid glucosides of three types, namely, oleoside (1)-type [e.g. oleuropein (2)], 10-hydroxyoleoside (3)-type [e.g. 10-acetoxyoleuropein (4)] and ligustaloside (5)-type secoiridoid glucosides [e.g. ligustalosides A, B (5a, 5b)] were found in oleaceous plants 1) and their hypothetical biosynthetic pathway was proposed as depicted in Fig. 1 .
clarify these conflicting results.
This paper presents results of an examination of the intermediacy of secologanin (8S)-8,10-and (8R)-8,10-epoxides (14a, b), and their C-7 carboxy derivatives (15a, b) in the biosynthesis of the oleaceous secoiridoid glucosides according to the hypothetical route shown in Fig. 1 . Secologanin (10) , the immediate precursor of epoxide (14 or 15), was incorporated into 1-and 3-type secoiridoids 6) but was not examined as a precursor of 5-type secoiridoid glucosides.
8)

Preparation of Labeled Precursors
[Carbomethoxy-2 H 3 ]-10 used in this study was prepared through proton-deuterium exchange of the carboxymethyl group of secologanin tetraacetate (10a) via the Zemplén reaction (0.1 N NaOCD 3 in CD 3 OD).
Next, the respective isomers of tritium-labelled epoxysecologanin (14) and -secoxyloganin (15) were synthesized according to our established method. 9) After the introduction of tritium was carried out by the reduction of ketone 16, prepared from secologanin tetraacetate (10a) through several steps (Fig. 2) , 9) the resulting 3 H-labeled hydroxy derivatives (17) were converted with 1,5-diazabicyclo [4.3.0] non-5-ene (DBN) to a mixture of epoxides (18a, b), which were separated by multiple preparative thin layer chromatography (PTLC). The stereochemistry and purity of these epoxides 18a and 18b were confirmed by comparison of their behavior on TLC with that of cold authentic samples. Deprotection of 3 H-labeled (8S) epoxide 18a under UV irradiation gave H]-(8S)-8,10-epoxysecologanin (14a) which was oxidized with Jones reagent to afford [8- 3 H]-(8S)-8,10-epoxysecoxyloganin (15a). Likewise, (8R)-isomer 18b was deprotected to aldehyde 14b which in turn was oxidized to carboxylic acid 15b.
Precursor Administration To confirm that 5-type secoiridoid glucosides were biosynthesized from 10, [carbomethoxy-2 H 3 ]-10 was administered to Ligustrum japonicum by a hydroponic method. Ligustaloside B (5b) was then isolated from the plant and identified by comparing its 1 H-NMR spectrum to that of an authentic sample.
2) The 2 H-NMR spectrum of 5b showed that deuterium was retained with 2.74% of 2 H-enrichment at d 3.69. Accordingly, as was expected, 5-type glucosides were also formed from 10. H]-14a, b, 15a and b were then administered separately to Olea europaea, Osmanthus fragrans and Ligustrum japonicum by the hydroponic method and glucosides 2, 4, 5a and b were isolated. The results of these experiments are shown in Tables 1 and 2 . (8S)-8,10-Epoxysecologanin (14a) was incorporated into four glucosides at the level of 0.14-0.51%, whereas the (8R)-epoxide (14b) showed lower incorporation (0.07-0.01%). Namely, 14a was incorporated 3 times more highly into 2, 10 times more highly into 4, 5 times more highly into 5a and 7.7 times more highly into 5b than its (8R)-isomer (14b), respectively. The specific incorporation of 14a and 14b into 5a were lower by one order of magnitude than that into 5b, presumably due to the higher dilution by the large amount of endogenous 5a. On the other hand, the incorporation of both stereoisomers (15a, b) of 8,10-epoxysecoxyloganin did not significantly differ and were lower than that of 14a. It seems likely from these results that 14a is on the biosynthetic pathway of glucosides 2, 4, 5a and b but its (8R)-isomer (14b) and the two stereoisomers of 15 are not. Therefore, at the present stage, the above-mentioned three types of glucosides were assumed to be biosynthesized from 10 via 14a by the mechanism depicted in Fig. 1 (RϭCHO). The stereochemical course of the dehydration leading to 1-type from the (8S)-hydroxy derivative formed after the cleavage of 14a was in agreement with that in the chemical reaction.
10) The formation of 7 [6-type glucosides] and 8, not tested in the present study, could be also explained by this pathway. However, taking into account the less although still significant incorporation of the three compounds 14b, 15a and b, a satisfactory conclusion requires further biosynthetic studies on the enzymatic level. 2 H-enrichment: 66.7% (calculated from the ratio of the signal intensities of the carbomethoxy group and H-3). Epoxysecoxyloganins (15a, 15b) 3 H-labeled compounds 14a, 14b, 15a and 15b were synthesized according to the procedure described in the previous paper.
Preparation of (8S)-and (8R)-Epoxysecologanins (14a, 14b) and (8S)-and (8R)-
9) A solution of 16 (25 mg) in dioxane-MeOH (3 : 2) (0.5 ml) was added to NaB 3 H 4 (0.47 mg, 100 mCi, NEN) under ice-cooling and the mixture was stirred for 15 min. After further addition of NaBH 4 (2 mg), the mixture was stirred for another 20 min. After decomposition of the excess reagent by adding a drop of AcOH, the reaction mixture was concentrated in vacuo to give a residue which was diluted with H 2 O (2 ml) and extracted with CHCl 3 (3 mlϫ4 O (1.0 ml) was given hydroponically to five twigs (ca. 15 cm long) of L. japonicum in June. After 3 d, the leaves (8.34 g) were cut into pieces and extracted with hot MeOH (50 mlϫ3). After concentration in vacuo, the combined extract was turbulated with H 2 O (30 ml) and the insoluble material was filtered off through a Celite layer. The Celite layer was washed with H 2 O (10 mlϫ3), and the filtrate and washings were combined and lyophilized to give 1.09 g of residue which was subjected to chromatography on Diaion HP-21 (5.0 ml) and eluted successively with H 2 O (200 ml) and MeOH (200 ml). The residue (700.0 mg) of the MeOH eluate obtained through concentration in vacuo was subjected to PTLC (CHCl 3 : MeOH, 4 : 1ϭ3 developments) to give 4 bands (B-1-B-4 in order of increasing polarity). B-1 gave a white powder of ligustaloside A (5a) (393.2 mg), and B-2 afforded ligustaloside B (5b) (85.6 mg) as a white powder. 5b:
H-enrichment: 2.74%, calculated from the intensity of 2 H signal), 4.82 (HDO). Incorporation: 4.11%. The deuterium signal due to the carboxymethyl group of isolated 5a was not detected in the 2 H-NMR spectrum probably because of the higher dilution by the large amount of endogenous 5a. The same phenomena were observed in the feeding experiments with tritium-labeled 8,10-epoxysecologanin (see Table 2 ).
Administration and the insoluble material was filtered off through a Celite layer. The Celite layer was washed with H 2 O (10 ml), and the filtrate and washings were concentrated in vacuo to ca. 5 ml. The solution was subjected to chromatography on Diaion HP-21 (5.0 ml) and eluted successively with H 2 O (50 ml) and MeOH (50 ml 
